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(54) IMAGE DISPLAY DEVICE AND METHOD OF OPERATING THE SAME

(567)  Provided are an image display device and a
method of operating the same. The image display device
includes a backlight unit configured to emit light towards
a display panel. The image display device includes an
illuminance sensor configured to obtain illuminance in-
formation associated with an area that is external to the
image display device. The image display device includes
a memory configured to store one or more instructions,

and a processor configured to execute the one or more
instructions stored in the memory to identify a plurality of
backlight control patterns, select a backlight control pat-
tern based on the illuminance information, identify bright-
ness information of a currentframe, and adjust the bright-
ness of the backlight unit based on the selected backlight
control pattern and the brightness information of the cur-
rent frame.
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Description

CROSS-REFERENCE TO RELATED APPLICA-
TION(S)

[0001] This application is based on and claims priority
under 35 U.S.C. § 119 to Korean Patent Application No.
10-2018-0133135, filed on November 1, 2018, in the Ko-
rean Intellectual Property Office, the disclosure of which
is incorporated by reference herein in its entirety.

BACKGROUND
1. Field

[0002] The disclosure relates to an image display de-
vice and a method of operating the same, and more par-
ticularly, to an image display device configured to adjust
the brightness of a backlight unit based on illuminance
information of an area around the image display device
and a method of operating the same.

2. Description of Related Art

[0003] An image display device may display images
that may be viewed by a user. The user may view a broad-
cast via the image display device. The image display de-
vice may display broadcast content selected by the user
based on broadcast signals transmitted by broadcasting
stations.

[0004] Also, a smart television (TV) may provide vari-
ous content in addition to broadcast content. Instead of
operating passively based on a user’s selection, the
smart TV may provide suggested content to the user with-
out the user’s selection of such content.

[0005] When a user views an image displayed by the
image display device, the user may be affected by the
surrounding illuminance environment. For example,
when the illuminance environment around the image dis-
play device is a low-illuminance environment, glare may
occur, and when itis a high-illuminance environment, the
image quality of a displayed image may be reduced (that
is, the screen brightness may be low). Accordingly, it may
be difficult to provide an optimal image quality to the user.

SUMMARY

[0006] Provided are an image display device config-
ured to provide an improved screen for viewing by a user
based on anilluminance environment of an area external
to the image display device and the characteristics of a
frame displayed on the image display device and a meth-
od of operating the same.

[0007] Additional aspects are set forth in part in the
description which follows and, in part, should be apparent
from the description, or may be learned by practice of
the presented embodiments of the disclosure.

[0008] According to an aspect of the disclosure, anim-
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age display device includes a backlight unit that may emit
light towards a display panel, an illuminance sensor that
may obtain illuminance information associated with an
area that is external to the image display device, a mem-
ory that may store one or more instructions, and a proc-
essor that may execute the one or more instructions
stored in the memory to identify a plurality of backlight
control patterns that include different shapes, and that
each represent a relationship between brightness infor-
mation of a frame and a brightness of the backlight unit,
select a backlight control pattern, from the plurality of
backlight control patterns, based on the illuminance in-
formation, identify brightness information of a current
frame, and adjust the brightness of the backlight unit
based on the selected backlight control pattern and the
brightness information of the current frame.

[0009] The processor may identify the plurality of back-
light control patterns based on a screen mode of the im-
age display device.

[0010] The processor may compare the illuminance in-
formation with a firstthreshold value, and select the back-
light control pattern based on comparing the illuminance
information with the first threshold value.

[0011] The processor may compare the illuminance in-
formation with the first threshold value and a second
threshold value, and adjustthe brightness of the backlight
unit based on a first backlight control pattern correspond-
ing to a low-illuminance environment based on the illu-
minance information being less than the first threshold
value, adjust the brightness of the backlight unit based
on a second backlight control pattern corresponding to
a medium-illuminance environment based on the illumi-
nance information being greater than or equal to the first
threshold value and less than or equal to the second
threshold value, or adjust the brightness of the backlight
unit based on a third backlight control pattern corre-
sponding to a high-illuminance environment based on
the illuminance information being greater than the sec-
ond threshold value.

[0012] Each of the plurality of backlight control patterns
represents a duty cycle of a signal for controlling the back-
light unit based on the brightness information of the
frame, and the brightness of the backlight unit increases
as a value of the duty cycle increases.

[0013] The plurality of backlight control patterns may
include patterns in which the duty cycle of the signal rep-
resents a same value in a section where the brightness
information of the frame is less than or equal to a thresh-
old value.

[0014] The brightness information of the frame com-
prises average pixel level (APL) data representing an
average brightness of pixels included in the frame.
[0015] The processor may adjust the brightness of the
backlightunitbased on auserinput, store adjusted bright-
ness information of the backlight unit based on a user
input, and adjust the plurality of backlight control patterns
based on the stored adjusted brightness information of
the backlight unit.
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[0016] The processor may adjust the plurality of back-
light control patterns by using atleast one neural network.
[0017] The processor may adjust the plurality of back-
light control patterns based on an amount of the stored
adjusted brightness information of the backlight unit be-
ing greater than or equal to a threshold value.

[0018] According to an aspect of the disclosure, a
method of operating an image display device may include
obtaining illuminance information associated with an ar-
eathatis external to the image display device, identifying
a plurality of backlight control patterns that include differ-
ent shapes, and that each represent a relationship be-
tween brightness information of a frame and a brightness
of a backlight unit, selecting a backlight control pattern,
from the plurality of backlight control patterns, based on
the illuminance information, identifying brightness infor-
mation of a current frame, and adjusting a brightness of
the backlight unit based on the selected backlight control
pattern and the brightness information of the current
frame.

[0019] According to another embodiment of the disclo-
sure, a computer program product includes at least one
non-transitory computer-readable medium storing a pro-
gram for obtaining illuminance information associated
with an area that is external to the image display device,
identifying a plurality of backlight control patterns that
include different shapes, and that each represent a rela-
tionship between brightness information of a frame and
a brightness of a backlight unit, selecting a backlight con-
trol pattern, from the plurality of backlight control patterns,
based on the illuminance information, identifying bright-
ness information of a current frame, and adjusting a
brightness of the backlight unit based on the selected
backlight control pattern and the brightness information
of the current frame.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The above and other aspects, features, and ad-
vantages of certain embodiments of the disclosure will
be more apparent from the following description taken in
conjunction with the accompanying drawings, in which:

FIG. 1 is a diagram illustrating an image display de-
vice according to an embodiment;

FIG. 2is aflowchartillustrating a method of operating
an image display device, according to an embodi-
ment;

FIG. 3 is a diagram illustrating a method of selecting
a backlight control pattern based on illuminance in-
formation acquired by an image display device, ac-
cording to an embodiment;

FIGS. 4A and 4B are diagrams of backlight control
patterns according to an embodiment;
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FIG.5is a diagram illustrating an example of adjust-
ing the brightness of a backlight unit based on a user
input, by an image display device, according to an
embodiment;

FIGS. 6 through 8 are diagrams of a method of
changing a backlight control pattern based on the
brightness information of a backlight unit adjusted
by a user, by an image display device, according to
an embodiment;

FIG. 9 is a block diagram illustrating a configuration
of an image display device according to an embod-
iment; and

FIG. 10 is a block diagram illustrating a configuration
of an image display device according to an embod-
iment.

DETAILED DESCRIPTION

[0021] The terms used herein will be briefly described,
and embodiments of the disclosure will be described in
detail.

[0022] The terms used herein may be terms known in
the art in consideration of the disclosure, but the mean-
ings of the terms may vary according to the intentions of
those of ordinary skill in the art, precedents, or new tech-
nology in the art. Also, in some cases, there may be terms
that are optionally selected by the applicant, and the
meanings thereof will be described in detail in the corre-
sponding portions of the description of the disclosure.
Thus, the terms used herein should be understood based
on the meanings of the terms and the overall description
of the disclosure.

[0023] Throughout the specification, when something
is referred to as "including" a component, another com-
ponent may be further included unless specified other-
wise. Also, the terms such as "units" and "modules" used
herein may refer to units that perform at least one function
or operation, and the units may be implemented as hard-
ware, software, or a combination of hardware and soft-
ware.

[0024] Hereinafter, embodiments will be described in
detail with reference to the accompanying drawings so
that those of ordinary skill in the art may implement the
embodiments of the disclosure. However, the disclosure
may be embodied in various different forms and should
not be construed as being limited to the embodiments
described herein. Also, like reference numerals may de-
note like elements throughout the specification.

[0025] Throughout the disclosure, the expression "at
least one of a, b, or c" may indicate only a, only b, only
c, both a and b, both a and c, both b and c, all of a, b,
and c, or variations thereof.

[0026] FIG. 1is adiagram illustrating an image display
device according to an embodiment.

[0027] An image display device 100 according to an
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embodiment may be a television (TV). Alternatively, the
image display device 100 may be implemented in various
forms including a display. For example, the image display
device 100 may be implemented as various electronic
devices such as portable phones, tablet personal com-
puters (PCs), digital cameras, camcorders, notebook
computers (laptop computers), desktops, e-book termi-
nals, digital broadcast terminals, personal digital assist-
ants (PDAs), portable multimedia players (PMPs), navi-
gation devices, MP3 players, and wearable devices. Al-
so, the image display device 100 may be a fixed type or
a mobile type, and may be a digital broadcasting receiver
configured to receive digital broadcasting. Also, the im-
age display device 100 may be implemented as a flat
display device, a curved display device having a screen
with curvature, or a flexible display device having an ad-
justable curvature. The output resolution of the image
display device 100 may include, for example, High Def-
inition (HD), Full HD, Ultra HD, or resolution greater than
Ultra HD.

[0028] The image display device 100 may perform a
backlight dimming function for adjusting the brightness
(luminance) of a backlight unit. The backlight dimming
may include global dimming for collectively controlling
the overall brightness of the entire backlight unit, and
local dimming for dividing the backlight unit into multiple
light-emitting blocks and controlling the brightness on per
block basis. Particularly, the global dimming may improve
dynamic contrast and reduce power consumption. Also,
the local dimming may be applied to a light emitting diode
(LED) backlight unit using LEDs as a light source, and
the global dimming may be applied to various types of
backlight units.

[0029] The image display device 100 may analyze an
input image, acquire the brightness information of a
frame or content included in the frame, and control the
brightness of the backlight unit based on the acquired
brightness information of the frame or the content.
[0030] In this case, the image display device 100 may
store, in advance, a backlight control pattern represent-
ing the brightness of the backlight unit based on the
brightness information of a frame, and adjust the bright-
ness of the backlight unit based on the stored backlight
control pattern.

[0031] The surroundingilluminance environmentofthe
image display device 100 may affect the user’s ability to
view the image display device 100. For example, glare
may occur in a low-illuminance environment where the
surrounding illuminance is low, and the image quality and
definition may be reduced in a high-illuminance environ-
ment where the surrounding illuminance is high. Thus,
in order to provide an improved image to the user, the
backlight control pattern for adjusting the brightness of
the backlight unit of the image display device 100 may
be changed based on the surrounding illuminance envi-
ronment.

[0032] Accordingly, the image display device 100 ac-
cording to an embodiment may acquire the surrounding
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illuminance information, and adjust the brightness of the
backlight unit based on the acquired surrounding illumi-
nance information by using backlight control patterns
having different patterns, which will be described below
in more detail with reference to the drawings.

[0033] As used herein, the term "user" may refer to a
viewer viewing the content displayed via the image dis-
play device, a person controlling the functions or opera-
tions of the image display device, a manager, an instal-
lation engineer, or the like.

[0034] As used herein, the terms "brightness" and "lu-
minance" may be used interchangeably, and the term
"luminance" may be used as a measure of brightness.
[0035] FIG. 2is a flowchart illustrating a method of op-
erating an image display device according to an embod-
iment.

[0036] Referring to FIG. 2, the image display device
100 according to an embodiment may acquire illumi-
nance information (operation S210). The illuminance in-
formation may be associated with an area around the
image display device 100, an area surrounding the image
display device 100, an area within a threshold distance
of the image display device 100, and/or the like. In other
words, the illuminance information is associated with an
external area disposed around or near the image display
device 100.

[0037] Theimage display device 100 a may include an
illuminance sensor, and may acquire the illuminance in-
formation associated with the area around the image dis-
play device 100 by using the illuminance sensor. For ex-
ample, the illuminance information may include illumi-
nance (e.g., intensity of illumination) having a unit of lux,
and the illuminance may have a greater value as the
brightness increases.

[0038] Also, theimage display device 100 may acquire
illuminance information associated with the area around
the image display device 100 at preset periods.

[0039] The image display device 100 may select a
backlight control pattern based on the acquired illumi-
nance information (operation S220).

[0040] Multiple backlight control patterns may be
stored in the image display device 100. A backlight con-
trol pattern may be a graph representing the brightness
information of the backlight unit based on the brightness
information of a frame. For example, the backlight control
pattern may be a graph in which the x-axis represents
the brightness information of a frame, and the y-axis rep-
resents the brightness information of the backlight unit.
In this case, the brightness information of the backlight
unit may include a duty cycle of a signal for controlling
the backlight unit, and the brightness of the backlight unit
may increase as the duty cycle value of the signal in-
creases.

[0041] Also, the backlight control patterns may include
patterns having different shapes. For example, the back-
light control patterns may be graphs having different
slopes in the same partial section.

[0042] Also, the backlight control patterns may be de-
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termined based on the screen mode of the image display
device 100. For example, when the screen mode of the
image display device 100 is a first screen mode (e.g., a
"standard mode"), a first subset of backlight control pat-
terns may be identified as the backlight control patterns,
and when the screen mode of the image display device
100 is a second screen mode (e.g., a "movie mode"), a
second subset of backlight control patterns may be iden-
tified as the backlight control patterns. Also, the first sub-
set and the second subset of the backlight control pat-
terns may include patterns having different shapes. How-
ever, the disclosure is not limited thereto.

[0043] The method of selecting a backlight control pat-
tern based on the illuminance information acquired by
the image display device 100 will be described in more
detail with reference to FIG. 3.

[0044] The image display device 100 may acquire the
brightness information of a current frame (operation
S230).

[0045] The brightness information of a frame may in-
clude average pixel level (APL) data representing the
average brightness of pixels included in the frame. The
APL data may be a value calculated based on a lumi-
nance signal (Y) of each of the pixels included in the
frame.

[0046] The image display device 100 may analyze in-
put image data, and identify the APL data of the current
frame.

[0047] The image display device 100 may adjust the
brightness of the backlight unit based on the backlight
control pattern selected in operation S220 and the bright-
ness information of the current frame acquired in opera-
tion S230 (operation S240).

[0048] For example, in the selected backlight control
pattern, the image display device 100 may adjust the
brightness of the backlight unit by applying a signal hav-
ing a duty cycle corresponding to the APL data of the
current frame to the backlight unit.

[0049] Also, whenthe frameis changed and the bright-
ness information of the frame (e.g., APL data) is changed,
the image display device 100 may decrease or increase
the brightness of the backlight unit by changing the duty
cycle of the signal applied to the backlight unit to a duty
cycle corresponding to the changed APL data.

[0050] FIG. 3 is a diagram illustrating a method of se-
lecting a backlight control pattern based on illuminance
information acquired by an image display device accord-
ingtoan embodiment, and FIGS. 4A and 4B are diagrams
referred to in description of FIG. 3.

[0051] Referring to FIG. 3, the image display device
100 may acquire illuminance information (operation
S310). Operation S310 of FIG. 3 may be substantially
the same as operation S210 of FIG. 2, and therefore a
redundant description tis omitted.

[0052] The image display device 100 may determine
whetherthe previous illuminance information and the cur-
rentilluminance information match each other (operation
S320). For example, the image display device 100 may
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compare an illuminance value previously acquired by the
illuminance sensor and an illuminance value currently
acquired by the illuminance sensor, and determine
whether the illuminance information matches. In this
case, the illuminance information may match based on
a difference between the previous illuminance value and
the currentilluminance value being less than a threshold
value.

[0053] If the previous illuminance information and the
current illuminance information match each other (oper-
ation S320 - YES), then the image display device 100
may periodically acquire the illuminance information
(e.g., may iteratively return to operation S310).

[0054] Alternatively, if the previous illuminance infor-
mation and the current illuminance information do not
match each other (operation S320 - NO), then the image
display device 100 may store the current illuminance in-
formation (operation S330). For example, the image dis-
play device 100 may store the current illuminance infor-
mation instead of the previous illuminance information.
[0055] Theimage display device 100 may compare the
currentilluminance information with at least one of a first
threshold value or a second threshold value greater than
the first threshold value. For example, the image display
device 100 may determine whether the current illumi-
nance information is less than the first threshold value
(operation S340).

[0056] Ifthe currentilluminance informationislessthan
the first threshold value (operation S340 - YES), then the
image display device 100 may select a first backlight con-
trol pattern from the multiple backlight control patterns
(operation S350). In this case, the first backlight control
pattern may be a backlight control pattern corresponding
to a low-illuminance environment.

[0057] Alternatively, if the currentilluminance informa-
tion is greater than or equal to the first threshold value
(operation S340 - NO), then the image display device
100 may determine whether the current illuminance in-
formation is greater than the second threshold value (op-
eration S360).

[0058] Ifthe currentilluminance informationislessthan
or equal to the second threshold value (operation S360
- NO), then the image display device 100 may select a
second backlight control pattern from the multiple back-
light control patterns (operation S370). In this case, the
second backlight control pattern may be a backlight con-
trol pattern corresponding to a medium-illuminance en-
vironment.

[0059] If the currentilluminance information is greater
than the second threshold value (operation S360 - YES),
then the image display device 100 may select a third
backlight control pattern from the multiple backlight con-
trol patterns (operation S380). In this case, the third back-
light control pattern may be a backlight control pattern
corresponding to a high-illuminance environment.
[0060] The image display device 100 may adjust the
brightness of the backlight unit by using the selected
backlight control pattern (operation S390).
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[0061] Forexample, and referring to FIGS. 4A and 4B,
the backlight control patterns may include a first backlight
control pattern 410, a second backlight control pattern
420, and a third backlight control pattern 430. In this case,
the first backlight control pattern 410 may be a backlight
control pattern corresponding to a low-illuminance envi-
ronment, the second backlight control pattern 420 may
be a backlight control pattern corresponding to a medi-
um-illuminance environment, and the third backlight con-
trol pattern 430 may be a backlight control pattern cor-
responding to a high-illuminance environment.

[0062] Also, each of the backlight control patterns 410,
420, and 430 may be a graph representing the relation-
ship between the APL data and the duty cycle of a signal
(e.g., a pulse width modulation (PWM) signal) for con-
trolling the backlight unit.

[0063] Also, the backlight control patterns 410, 420,
and 430 may appear as different patterns. For example,
the backlight control patterns 410, 420, and 430 may
have different slopes in a partial section (e.g., a section
where the value of the APL data is greater than or equal
to "101" and less than or equal to "1001").

[0064] Also, the backlight control patterns 410, 420,
and 430 may be backlight control patterns corresponding
to a particular screen mode (e.g., the standard mode)
from among multiple screen modes.

[0065] Ifthe currentilluminance environmentis the me-
dium-illuminance environment (e.g., when the current il-
luminance information is greater than or equal to the first
threshold value and less than the second threshold val-
ue), then the image display device 100 may adjust the
brightness of the backlight unit by using the second back-
light control pattern 420. The image display device 100
may identify the APL data of the current frame, and adjust
the brightness of the backlight unit by applying a PWM
driving signal having a duty cycle corresponding to the
identified APL data to the backlight unit. For example, if
the APL data is 501, then the image display device 100
may apply a PWM driving signal having a duty cycle of
50 % to the backlight unit.

[0066] If the illuminance environment changes from
the medium-illuminance environment to the low-illumi-
nance environment (e.g., when the current illuminance
information is less than the first threshold value), then
the image display device 100 may adjust the brightness
of the backlight unit by using the first backlight control
pattern 410, as illustrated in FIG. 4A. For example, when
the APL data of the current frame is 501, the image dis-
play device 100 may apply a PWM driving signal having
a duty cycle of 22% to the backlight unit. The image dis-
play device 100 may apply a driving signal having a lower
duty cycle to the backlight unit in the low-illuminance en-
vironment than as compared to the medium-illuminance
environment even when the APL data (brightness infor-
mation) of the current frame is equal. Accordingly, the
brightness of the backlight unit may decrease in the low-
illuminance environment than as compared to the medi-
ume-illuminance environment.
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[0067] Also, whentheilluminance environment chang-
es from the medium-illuminance environment to the high-
illuminance environment (e.g., when the current illumi-
nance information is greater than the second threshold
value), the image display device 100 may adjust the
brightness of the backlight unit by using the third backlight
control pattern 430, asillustrated in FIG. 4B. Forexample,
when the APL data of the current frame is 501, the image
display device 100 may apply a PWM driving signal hav-
ing a duty cycle of 77% to the backlight unit. The image
display device 100 may apply a driving signal having a
higher duty cycle to the backlight unit in the high-illumi-
nance environment than as compared to the medium-
illuminance environmenteven when the APL data (bright-
ness information) of the current frame is equal. Accord-
ingly, the brightness of the backlight unit may increase
in the high-illuminance environment than as compared
to the medium-illuminance environment.

[0068] FIG. 5 is a diagram illustrating an example of
adjusting the brightness of a backlight unit based on a
user input by an image display device according to an
embodiment.

[0069] Referring to FIG. 5, the image display device
100 a may provide a function of adjusting the brightness
of the backlight unit. For example, as illustrated in FIG.
5, based on a user input, the image display device 100
may display a screen setting menu 510 for setting pa-
rameters related to the screen. The screen setting menu
510 may include an item for setting a screen mode, an
item for adjusting the backlight brightness, and items for
adjusting the screen’s contrast, brightness, definition,
color density, and color. It should be understood that the
screen setting menu of FIG. 5 is merely an example, and
that other configurations are possible.

[0070] Theusermay selectabacklightadjustmentitem
520 (i.e., an item for adjusting the brightness of the back-
light unit) from the screen setting menu by using a control
device 500, and may manually adjust the brightness of
the backlight unit by using the selected item. In this case,
the control device 500 may transmit data, or the like, to
the image display device 100 by communicating (e.g.,
via short-range communication) with the image display
device 100. For example, the image display device 100
may receive a control signal corresponding to a user input
(e.g., akey or button input of the control device 500) from
the control device 500, select the backlight adjustment
item 520, and decrease or increase a value set for the
item, to adjust the brightness of the backlight unit.
[0071] The image display device 100 may store the
brightness information of the backlight unit adjusted by
the user. Also, the image display device 100 may store
the illuminance information, screen mode information,
and frame brightness information (e.g., APL data) in a
state where the brightness of the backlight unit is adjust-
ed, corresponding to the adjusted brightness information
of the backlight unit.

[0072] For example, in a state where the surrounding
illuminance is 100 lux, the screen mode is the "standard
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mode", the APL data value of the current frame is "901",
and the brightness value of the backlight unit is changed
by a user input to a value corresponding to a duty cycle
"20 %", the image display device 100 may store the sur-
rounding illuminance information ("100 Lux"), the screen
mode information ("standard mode"), the APL data
("901"), and the adjusted brightness information of the
backlight unit (e.g., a duty cycle "20 %") to correspond
to each other.

[0073] FIGS. 6 through 8 are diagrams of a method of
changing a backlight control pattern based on the bright-
ness information of a backlight unit adjusted by a user,
by animage display device according to an embodiment.
[0074] The image display device 100 may train and
update (or train and refine) a model of the backlight con-
trol pattern corresponding to the user by using the bright-
ness information of the backlight unit adjusted by the user
and stored in the image display device. When the amount
of stored brightness information data of the backlight unit
adjusted by the user is greater than a threshold value,
the image display device 100 may change the backlight
control pattern by using the collected (stored) information
data.

[0075] For example, when an amount of data sets in-
cluding the surrounding illuminance information, the
screen mode information, the APL data, and the adjusted
brightness information of the backlight unitis greater than
a preset number, the image display device 100 may
change the backlight control pattern by using data sets.
[0076] When the image display device 100 is in a
standby mode state, the image display device 100 may
change the backlight control pattern by using data sets.
The standby mode state may refer to a state in which the
image display device 100 is turned off (a state in which
the display is turned off) while power is supplied from an
external power source.

[0077] Also, the image display device 100 may change
the backlight control pattern by using a pattern determi-
nation model including a set of neural networks. The pat-
tern determination model may be stored in the memory
of the image display device 100.

[0078] Forexample, the image display device 100 may
input a data set including the surrounding illuminance
information, the screen mode information, the APL data,
and the adjusted brightness information of the backlight
unit, as input data to the pattern determination model.
Also, the existing backlight control pattern may be input
as the input data to the pattern determination model.
[0079] The pattern determination model may change
the existing backlight control pattern by processing the
input data. In this case, in the existing backlight control
pattern, the slope value of a partial section may be
changed or the slopes of the entire section may be
changed. Also, the changed backlight control pattern
may be output in the form of a function.

[0080] Also, the pattern determination model may be
stored in the memory of an external device. Accordingly,
the image display device 100 may transmit collected
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(stored) data sets and the existing backlight control pat-
tern to an external device, and the external device may
change the existing backlight control pattern correspond-
ing to the data sets by using the pattern determination
model. The image display device 100 may receive the
changed backlight control pattern from the external de-
vice, and may change (update) the existing backlight con-
trol pattern based on the received backlight control pat-
tern.

[0081] FIG. 7 illustrates the existing backlight control
pattern and the changed backlight control pattern. Re-
ferring to FIG. 7, a backlight control pattern 710 (the first
backlight control pattern) corresponding to the low-illu-
minance environment may be changed based on the
methods described in FIGS. 5 and 6. For example, when
the user adjusts the brightness of the backlight unit a
threshold number of times in the low-illuminance envi-
ronmentwhen the brightness ofaframe is high, theimage
display device 100 may increase the duty cycle of a PWM
signal in a section where the APL data value is about
"401" to about "1001". Accordingly, the slopes may be
changed in a section where the APL data value of the
first backlight control pattern is about "401" to about
"1001".

[0082] As shown in FIG. 8, the image display device
100 may display a message 810 for inquiring as to wheth-
er the user would like to replace the existing backlight
control pattern with the changed backlight control pattern.
[0083] The user may select whether to change the ex-
isting backlight control pattern by using the control device
500, and based on a user input, the image display device
100 may maintain the existing backlight control pattern
or change the existing backlight control pattern in accord-
ance with the user input.

[0084] FIG. 9 is a block diagram illustrating a configu-
ration of an image display device according to an em-
bodiment.

[0085] Referring to FIG. 9, an image display device
100 may include an illuminance sensor 110, a processor
120, a memory 130, a backlight unit 140, and a display
panel 150.

[0086] The illuminance sensor 110 may acquire illumi-
nance information associated with an external area
around the image display device. For example, the illu-
minance sensor 110 may sense illuminance (intensity of
illumination) having a unit of lux, and the illuminance may
have a greater value as the brightness increases.
[0087] According to an embodiment of the disclosure,
the processor 120 may execute one or more programs
stored in the memory 130. The processor 120 may in-
clude a single core, a dual core, a triple core, a quad
core, or any multiple thereof. Also, the processor 120
may include multiple processors. For example, the proc-
essor 120 may be implemented as a main processor (not
illustrated) and a sub processor (notillustrated) operating
in a sleep mode.

[0088] According to an embodiment, the memory 130
may store various data, programs, or applications for
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driving and controlling the image display device 100.
[0089] Also, the programs stored in the memory 130
may include one or more instructions. The application or
program (one or more instructions) stored in the memory
130 may be executed by the processor 120.

[0090] The processor 120 may execute the one or
more instructions stored in the memory 130, to select
backlight control patterns having different shapes based
on the acquired illuminance information. The backlight
control patterns may be stored, in advance, in the mem-
ory 130. The backlight control patterns may be graphs
representing the brightness information of the backlight
unit according to the brightness information of a frame.
For example, the plurality of backlight control patterns
may be graphs in which the x-axis represents the bright-
ness information of a frame, and the y-axis represents
the brightness information of the backlight unit. In this
case, the brightness information of the backlight unit may
include a duty cycle of a signal for controlling the backlight
unit, and the brightness of the backlight unitmay increase
as the duty cycle value of the signal increases.

[0091] The processor 120 may compare the illumi-
nance information and at least one threshold value to
select a backlight control pattern. For example, the proc-
essor 120 may compare the illuminance information with
at least one threshold value to select a backlight control
pattern corresponding to the low-illuminance environ-
ment when the current illuminance is the low-illuminance
environment, select a backlight control pattern corre-
sponding to the medium-illuminance environment when
the current illuminance is the medium-illuminance envi-
ronment, and select a backlight control pattern corre-
sponding to the high-illuminance environment when the
current illuminance is the high-illuminance environment.
[0092] Also, the processor 120 may identify the bright-
ness information of the current frame. For example, the
processor 120 may analyze the inputimage data, identify
the APL data of the current frame, and identify the APL
data as the brightness information of the current frame.
[0093] Also, the processor 120 may adjust the bright-
ness of the backlight unit based on the selected backlight
control pattern and the brightness information of the cur-
rent frame. In the selected backlight control pattern, the
processor 120 may control to apply a signal having a duty
cycle corresponding to the APL data of the current frame
to the backlight unit 140.

[0094] Also, the processor 120 may store the bright-
ness information of the backlight unit 140 adjusted by the
user in the memory 130, learn (or train) the backlight
control pattern of the user, and update (or refine) the
existing backlight control pattern, by using the stored
brightness information of the backlight unit. In this case,
the processor 120 may change the backlight control pat-
tern by using the pattern determination model including
at least one neural network.

[0095] The backlight unit 140 may be a light source
device that supplies light to the display panel 150. The
backlight unit 140 may be arranged on the rear surface
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of the display panel 150.

[0096] Thedisplay panel 150 may include aliquid crys-
tal display (LCD). The display panel 150 may include two
transparent substrates joined together with a certain dis-
tance therebetween and a liquid crystal layer interposed
therebetween. Gate lines GL and data lines DL are ver-
tically intersected on the lower substrate among the two
transparent substrates, and pixel regions are defined in
a matrix form according to the intersection structure.
[0097] Because the liquid crystal display panel itself
may not emit light, the liquid crystal display panel may
display animage by receiving light emitted from the back-
lightunit 140. Because the light emitted from the backlight
unit 140 may pass through the liquid crystal display panel,
the transmission and color thereof may be adjusted and
an image displayed on the liquid crystal display panel
may be viewed by the user. The backlight unit 140 may
include a light source such as thin and slim cold cathode
fluorescentlamps or LEDs on the upper/lower or left/right
sides of the liquid crystal display panel, and may include
a light guide plate such that the light emitted from the
light source may spread uniformly on the liquid crystal
display panel.

[0098] FIG. 10 is a block diagram illustrating a config-
uration of an image display device according to an em-
bodiment. An image display device 1000 of FIG. 10 may
be an example of the image display device 100 of FIG. 1.
[0099] Referring to FIG. 10, the image display device
1000 may include a tuner unit 1400, a controller 1100, a
display unit 1200, a communication unit 1500, a sensing
unit 1300, an input/output unit 1700, a video processing
unit 1800, an audio processing unit 1150, a storage unit
1900, and a power supply unit 1600.

[0100] The controller 1100 of FIG. 10 may correspond
to the processor 120 of FIG. 9, and the storage unit 1900
of FIG. 10 may correspond to the memory 130 of FIG. 9.
Accordingly, redundant descriptions is omitted.

[0101] The tuner unit 1400 (e.g., a tuner) may process
a broadcast signal, which is received via a wired connec-
tion or wirelessly, via amplification, mixing, and/or reso-
nance, and may tune and select a frequency of achannel,
which is to be received by the image display device 1000.
The broadcast signal may include audio, video, and ad-
ditional information (e.g., electronic program guide
(EPQ)).

[0102] The tuner unit 1400 may receive a broadcast
signal in a frequency band corresponding to a channel
number according to a user input (e.g., control signals
received from a control device, such as achannel number
input, a channel up-down input, and a channel input via
an EPG screen).

[0103] The tuner unit 1400 may receive broadcast sig-
nals from various sources such as terrestrial broadcast-
ing, cable broadcasting, satellite broadcasting, and In-
ternet broadcasting. The tuner unit 1400 may receive a
broadcast signal from a source such as analog broad-
casting or digital broadcasting.

[0104] The communication unit 1500 (e.g., a commu-
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nication interface) may exchange data or signals with an
external device or a server, based on a control of the
controller 1100. The controller 1100 may transmit content
to and receive content from external devices via the com-
munication unit 1500, download an application from the
external device, or perform Web browsing.

[0105] The communication unit 1500 may transceive
data or signals using wireless LAN 1510 (e.g., wireless
fidelity (Wi-Fi)), Bluetooth 1520, or wired Ethernet 1530
corresponding to the performance and structure of the
image display device 1000.

[0106] The communication unit 1500 may perform
communication with a control device by using short-
range communication. For example, the communication
unit 1500 may exchange data or signals with the control
device by using a Bluetooth module, a Wi-Fi module, a
near field communication (NFC) system, an infrared
module, a Zigbee module, or the like.

[0107] The communication unit 1500 may receive a
control command for controlling the operation of the im-
age display device from the control device, and may per-
form operations based on the control command.

[0108] The video processing unit 1800 (e.g., video
processor) may perform processing on video data re-
ceived by the image display device 1000. The video
processing unit 1800 may perform various image
processing on the video data, such as decoding, scaling,
noise filtering, frame rate conversion, and resolution con-
version.

[0109] The sensing unit1300 (e.g., sensor) may sense
the user’s voice, the user's image, or the user’s interac-
tion, and may include a microphone 1310, a camera unit
1320, and a light receiving unit 1330.

[0110] The microphone 1310 may receive an audio sig-
nal corresponding to a user’s voice. The microphone
1310 may convert the received audio signal into an elec-
trical signal and output the electrical signal to the con-
troller 1100. The user’s voice input may include, for ex-
ample, a voice input corresponding to the function or
menu of the image display device 1000.

[0111] The camera unit 1320 may receive an image
(e.g., consecutive frames) corresponding to the user’s
motion including a gesture within a camera recognition
range. Based on the received motion recognition result,
the controller 1100 may select a menu displayed on the
image display device 1000 or may perform a control cor-
responding to the motion recognition result.

[0112] Thelightreceiving unit 1330 (e.g., lightreceiver)
may receive an optical signal (including a control signal),
which is received from an external control device, via an
optical window (not illustrated) of a bezel of the display
unit 1200. The light receiving unit 1330 may receive an
optical signal corresponding to a user input (e.g., touch,
press, touch gesture, voice, or motion) from the control
device. The control signal may be extracted from the re-
ceived optical signal based on a control of the controller
1100.

[0113] The input/output unit 1700 (e.g., an input inter-
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face and/or output interface) may receive, for example,
video (e.g., moving image), audio (e.g., voice and music),
and additional information (e.g., EPG (Electronic Pro-
gram Guide)) from an external device based on the con-
trol of the controller 1100. The input/output unit 1700 may
include an high-definition multimedia interface (HDMI)
port 1710, a component jack 1720, a PC port 1730, and
a universal serial bus (USB) port 1740. The input/output
unit 1700 may include any combination of the HDMI port
1710, the component jack 1720, the PC port 1730, and
the USB port 1740.

[0114] The controller 1100 may control an overall op-
eration of the image display device 1000 and a signal
flow between the internal components of the image dis-
play device 1000, and perform a data processing func-
tion. Based on a user’s input or a preset condition being
satisfied, the controller 1100 may execute various appli-
cations and an operating system (OS) stored in the stor-
age unit 1900.

[0115] The controller 1100 may include a processor
1830, aread-only memory (ROM) 1820 that stores a con-
trol program for controlling the image display device
1000, and a random access memory (RAM) 1810 that
stores a signal or data input from outside the image dis-
play device 1000 or is used as a storage region corre-
sponding to various operations performed by the image
display device 1000.

[0116] A graphicprocessing unit 1840 (e.g., a graphics
processor) may generate a screen including various ob-
jects such as icons, images, and text by using an oper-
ation unit (not illustrated) and a rendering unit (not illus-
trated). The operation unit may calculate an attribute val-
ue such as a coordinate value, a shape, a size, and a
color to be displayed for each of the objects according
to the layout of the screen by using the user input sensed
through the sensing unit 1300. The rendering unit may
generate a screen of various layouts including objects
based on the attribute value calculated by the operation
unit. The screen generated by the rendering unit may be
displayed in a display region of the display unit 1200.
[0117] First through nth interfaces 1850-1 to 1850-n
may be connected to the above components. One of the
first to nth interfaces 1850-1 to 1850-n may be a network
interface that is connected with an external device via a
network.

[0118] The RAM 1810, the ROM 1820, the processor
1830, the graphic processing unit 1840, and the first
through nth interfaces 1850-1 to 1850-n may be connect-
ed to each other via an internal bus 1860.

[0119] As used herein, the term "controller of image
display device" may include the processor 1830, the
ROM 1820, and the RAM 1810.

[0120] The display unit 1200 may generate a driving
signal by converting an image signal, a data signal, an
on-screen display (OSD) signal, or a control signal proc-
essed by the controller 1100. The display unit 1200 may
be implemented as a plasma display panel (PDP), an
LCD, an OLED, or a flexible display, and may also be
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implemented as a three dimensional (3D) display. Also,
the display unit 1200 may be configured as a touch
screen to be used as an input device in addition to an
output device.

[0121] The audio processing unit 1150 (e.g., audio
processor) may perform processing on audio data. The
audio processing unit 1150 may perform various
processing functions such as decoding, amplification,
and noise filtering of the audio data. Meanwhile, the audio
processing unit 1150 may include a plurality of audio
processing modules for processing the audio corre-
sponding to content.

[0122] An audio output unit 1250 (e.g., audio output
component) may output the audio included in the broad-
cast signal that is received through the tuner unit 1400
based on a control of the controller 1100. The audio out-
put unit 1250 may output the audio (e.g., voice and
sound) input through the input/output unit 1700 or the
communication unit 1500. Also, the audio output unit
1250 may output the audio stored in the storage unit 1900
based on a control of the controller 1100. The audio out-
put unit 1250 may include at least one of a speaker 1260,
a headphone output port 1270, or a Sony/Philips digital
interface (S/PDIF) output port 1280. The audio output
unit 1250 may include a combination ofthe speaker 1260,
the headphone output port 1270, and the S/PDIF output
port 1280.

[0123] The powersupplyunit 1600 (e.g., power supply)
may supply power from the external power source to the
internal components of the image display device 1000
based on a control of the controller 1100. Also, the power
supply unit 1600 may supply power, which is output from
one or more batteries (notillustrated) locatedinthe image
display device 1000, to the internal components based
on a control of the controller 1100.

[0124] The storage unit 1900 (e.g., storage) may store
various data, programs, or applications for operating and
controlling the image display device 1000 based on a
control of the controller 1100. The storage unit 1900 may
include a broadcast receiving module; a channel control
module; a volume control module; a communication con-
trol module; a voice recognition module; a motion recog-
nition module; a light receiving module; a display control
module; an audio control module; an external input con-
trol module; a power control module; a power control
module of an external device connected by wireless (e.g.,
Bluetooth); a voice database (DB); or a motion DB (not
illustrated). The DB and modules (not illustrated) of the
storage unit 1900 may be implemented as a software
type to perform, in the image display device 1000, a
broadcast receiving control function, a channel control
function, a volume control function, a communication
control function, a voice recognition function, a motion
recognition function, a light receiving control function, a
display control function, an audio control function, an ex-
ternal input control function, a power control function, or
a power control function of the external device connected
by wireless (e.g., Bluetooth). The controller 1100 may
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perform a function by using the software stored in the
storage unit 1900.

[0125] Meanwhile, the block diagrams oftheimage dis-
play devices 100 and 1000 illustrated in FIGS. 9 and 10
are block diagrams for an embodiment. Each component
ofthe block diagram may be integrated, added, or omitted
according to the specification of the image display devic-
es 100 and 1000 in practice. That is, two or more com-
ponents may be integrated into a single component,
and/or a single component may be divided into two or
more components. Also, a function performed in each
block is to describe embodiments of the disclosure, and
a particular operation or device thereof is not intended
to limit the scope of the disclosure.

[0126] The operation method of the image display de-
vice may be stored in a non-transitory computer-readable
medium by being implemented in the form of program
commands that may be performed by various computer
components. The computer-readable medium may in-
clude program commands, data files, and data struc-
tures. The program commands recorded on the compu-
ter-readable medium may be those that are specifically
designed and configured to perform functions of the dis-
closure. Examples of the computer-readable medium
may include magnetic recording mediums such as hard
disks, floppy disks, and magnetic tapes, optical recording
mediums such as compact disk read-only memories (CD-
ROMs) and digital versatile disks (DVDs), magneto-op-
tical recording mediums such as floptical disks, and hard-
ware devices such as ROMs, RAMs, and flash memories
that are configured to store and execute program com-
mands. Examples of the program commands may in-
clude machine language code that may be generated by
a compiler, and high-level language code that may be
executed by a computer by using an interpreter.

[0127] Also, the operation method of the image display
device according to the described embodiments of the
disclosure may be included and provided in a computer
program product. The computer program product may
be traded as a product between a seller and a buyer.
[0128] The computer program product may include a
software (S/W) program and a computer-readable stor-
age medium with an S/W program stored therein. For
example, the computer program product may include
products in the form of S/W programs (e.g., downloada-
ble apps) distributed electronically through manufactur-
ers of image display devices or electronic markets (e.g.,
Google Play Store and App Store). For electronic distri-
bution, at least a portion of the S/W program may be
stored in a storage medium or may be generated tem-
porarily. In this case, the storage medium may be a stor-
age medium of a server of a manufacturer, a server of
an electronic market, or a relay server for temporarily
storing an S/W program.

[0129] In a system including a server and a client de-
vice, the computer program product may include a stor-
age medium of the server or a storage medium of the
client device. Alternatively, when there is a third device
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(e.g., a smartphone) communicatively connected to the
server or the client device, the computer program product
may include a storage medium of the third device. Alter-
natively, the computer program product may include the
S/W program itself that is transmitted from the server to
the client device or the third device or transmitted from
the third device to the client device.

[0130] In this case, one of the server, the client device,
and the third device may execute the computer program
product to perform the method according to the described
embodiments of the disclosure. Alternatively, two or more
of the server, the client device, and the third device may
execute the computer program product to perform the
method according to the described embodiments of the
disclosure in a distributed manner.

[0131] For example, the server (e.g., a cloud server or
an artificial intelligence (Al) server) may execute the com-
puter program product stored in the server, to control the
client device communicatively connected to the server
to perform the method according to the described em-
bodiments of the disclosure.

[0132] The image display device according to an em-
bodiment may provide an improved screen to the user
by adjusting the brightness of the backlight unit adaptive-
ly based on the surroundingilluminance environmentand
the brightness information of the frame.

[0133] The image display device according to an em-
bodiment may reduce the occurrence of glare in a low-
illuminance environment, and may maintain the screen
brightness in a high-illuminance environment.

[0134] Although the embodiments have been de-
scribed above in detail, the scope of the disclosure is not
limited thereto and those of ordinary skill in the art should
understand that various modifications and improvements
may be made therein without departing from the spirit
and scope of the disclosure as defined by the following
claims.

Claims
1. Animage display device comprising:

a backlight unit configured to emit light towards
a display panel;

an illuminance sensor configured to obtain illu-
minance information associated with an area
that is external to the image display device;

a memory configured to store one or more in-
structions; and

a processor configured to execute the one or
more instructions stored in the memory to:

identify a plurality of backlight control pat-
terns that include different shapes, and that
each represent a relationship between
brightness information of a frame and a
brightness of the backlight unit;
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select a backlight control pattern, from the
plurality of backlight control patterns, based
on the illuminance information;

identify brightness information of a current
frame; and

adjust the brightness of the backlight unit
based on the selected backlight control pat-
tern and the brightness information of the
current frame.

The image display device of claim 1, wherein the
processor is further configured to execute the one
or more instructions to:

identify the plurality of backlight control patterns
based on a screen mode of the image display device.

The image display device of claim 1, wherein the
processor is further configured to execute the one
or more instructions to:

compare the illuminance information with a first
threshold value; and
select the backlight control pattern based on
comparing the illuminance information with the
first threshold value.

The image display device of claim 3, wherein
the processor is further configured to execute the
one or more instructions to:

compare the illuminance information with the
first threshold value and a second threshold val-
ue; and

adjust the brightness of the backlight unit based
on afirstbacklight control pattern corresponding
to a low-illuminance environment based on the
illuminance information being less than the first
threshold value;

adjust the brightness of the backlight unit based
on a second backlight control pattern corre-
sponding to a medium-illuminance environment
based on the illuminance information being
greater than or equal to the first threshold value
and less than or equal to the second threshold
value; or

adjust the brightness of the backlight unit based
on a third backlight control pattern correspond-
ing to a high-illuminance environment based on
the illuminance information being greater than
the second threshold value.

The image display device of claim 1, wherein each
of the plurality of backlight control patterns repre-
sents a duty cycle of a signal for controlling the back-
light unit based on the brightness information of the
frame, and the brightness of the backlight unit in-
creases as a value of the duty cycle increases.
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The image display device of claim 5, wherein the
plurality of backlight control patterns comprise pat-
terns in which the duty cycle of the signal represents
a same value in a section where the brightness in-
formation of the frame is less than or equal to a
threshold value.

The image display device of claim 1, wherein the
brightness information of the frame comprises aver-
age pixel level (APL) data representing an average
brightness of pixels included in the frame.

The image display device of claim 1, wherein the
processor is further configured to execute the one
or more instructions to:

adjust the brightness of the backlight unit based
on a user input;

store adjusted brightness information of the
backlight unit based on a user input; and
adjust the plurality of backlight control patterns
based on the stored adjusted brightness infor-
mation of the backlight unit.

The image display device of claim 8, wherein the
processor is further configured to execute the one
or more instructions to

adjust the plurality of backlight control patterns by
using at least one neural network.

The image display device of claim 8, wherein the
processor is further configured to execute the one
or more instructions to:

adjust the plurality of backlight control patterns
based on an amount of the stored adjusted bright-
ness information of the backlight unit being greater
than or equal to a threshold value.

A method of operating an image display device, the
method comprising:

obtaining illuminance information associated
with an area that is external to the image display
device;

identifying a plurality of backlight control pat-
ternsthatinclude differentshapes, and thateach
represent a relationship between brightness in-
formation of a frame and a brightness of a back-
light unit;

selecting a backlight control pattern, from the
plurality of backlight control patterns, based on
the illuminance information;

identifying brightness information of a current
frame; and

adjusting a brightness ofthe backlight unitbased
on the selected backlight control pattern and the
brightness information of the current frame.

(]

10

15

20

25

30

35

40

45

50

55

12

12. The method of claim 11, further comprising:

identifying the plurality of backlight control patterns
based on a screen mode of the image display device.

13. The method of claim 11, wherein the selecting the

backlight control pattern comprises:

comparing the illuminance information with a
first threshold value; and

selecting the backlight control pattern based on
comparing the illuminance information with the
first threshold value.

14. The method of claim 13, further comprising:

comparing the illuminance information with the
first threshold value and a second threshold val-
ue; and

selecting a first backlight control pattern corre-
sponding to a low-illuminance environment
based on the illuminance information being
smaller than the first threshold value;

selecting a second backlight control pattern cor-
responding to a medium-illuminance environ-
ment based on the illuminance information be-
ing greater than or equal to the first threshold
value and less than or equal to the second
threshold value; or

selecting a third backlight control pattern corre-
sponding to a high-illuminance environment
based on the illuminance information being
greater than the second threshold value.

15. The method of claim 11, wherein each of the plurality

of backlight control patterns represents a duty cycle
of a signal for controlling the backlight unit based on
the brightness information of the frame, and the
brightness of the backlight unit increases as a value
of the duty cycle increases.
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FIG. 4B
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FIG. 8
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